Abstract. We report recent results on the impact of asymmetric dark matter (DM) particles on low-mass stars. First, we found that the small convective core expected in stars with masses between 1.1 and 1.3 M is suppressed due to DM cooling. Moreover, stars with masses below 1 M have their central temperatures and densities more strongly influenced by DM than in the solar case. We were able to put limits to the DM mass and spin-dependent DM-proton scattering cross section by comparing the modelling of the nearby star α Cen B with photometric, spectroscopic and asteroseismic observations.
Introduction
If the dark matter (DM) of the Universe is made of weakly interacting massive particles (WIMPs) their accumulation inside stars may lead to observable effects that depend on the unknown characteristics of the dark particles [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Thus, the DM parameter space can be constrained using this approach, in particular in the case of models of DM particles that do not annihilate in stellar interiors. A good example is asymmetric DM [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] , a DM model motivated to explain the similar cosmic abundance of dark and baryonic matter and that naturally predicts a DM mass of the order of the few GeV (see for instance the recent reviews [29, 30] ).
A fraction of the WIMPs in the galactic halo may scatter with nucleons of the stellar plasma and become gravitationally captured by stars [31] [32] [33] . The efficiency of this process increases with the stellar density (among other factors), so compact stars can be in principle strongly influenced [34] [35] [36] [37] [38] . The destruction of neutron stars by black hole formation in their interior has been predicted, and limits on the properties of asymmetric DM have been derived using this approach [39] [40] [41] [42] [43] .
In the case of the Sun and solar-type stars, the conduction of DM particles in the stellar interior acts as a new energy transport mechanism, cooling the center of the stars [44] [45] [46] [47] [48] [49] [50] . The impact on the properties of these stars tends to be less significant than for compact stars, but on the other hand the physics of the interior of solar-type stars is much better known and observations are much more precise, in particular with the complementary diagnostic of the solar interior provided by solar neutrino measurements [51] and helioseismology [52] . a The averages are calculated for the intervals 2750 < ν(µHz)< 3900 for KIC 8006161, 1600 < ν(µHz)< 2600 for HD 52265, and 3300 < ν(µHz)< 5500 for α Cen B. b Data from [55] and [56] for KIC 8006161, [57] for HD 52265, and [58] for α Cen B.
c mχ = 5 GeV, σχ,SD = 3 · 10
In these proceedings we report the study of the impact of asymmetric DM on stars with masses similar to that of the Sun [53] , stars embedded in halos of DM with a density equal to that estimated for the solar neighbourhood, ρ χ = 0.4 GeV cm −3 [54] . We focus on stars whose acoustic oscillations have already been precisely identified. The characteristics of these stars are shown in Table 1 . Our approach is motivated mainly by the following reasons: i) stars with lower masses are more strongly influenced by DM, ii) stars with a small convective core (1.1-1.3 M stars) can have their dominant energy transport mechanisms altered due to DM, and iii) asteroseismology (the study of the stellar oscillations) is a technique sensitive to properties of the stellar cores, where the DM impact occurs.
As we will show, we were able to put the first limits to the nature of DM using an asteroseismic analysis of α Cen B. The reader is addressed to reference [53] for a more thorough description of the methods used and the results obtained.
Results

Impact on the central temperatures and densities. Suppression of core convection
We modelled the star KIC 8006161, reproducing all its observed characteristics, including the large and small frequency separations as measured by the Kepler mission. We found a ∼ 10% decline in its central temperature when the influence of the accumulation of asymmetric DM particles with m χ = 5 GeV and σ χ,SD = 3 · 10 −36 cm 2 was taken into account.
Furthermore, we also studied the star HD 52265, a 1.2 M star whose oscillation frequencies have been measured by the CoRoT mission. We found that, whereas in the standard modelling this star is expected to have a convective core, the inclusion of the DM energy transport removes this core and the star is left with a radiative interior. Specific combinations of frequencies of low-degree modes have been shown to be sensitive to the presence of small convective cores (see Ref. [59] ). We leave this interesting diagnostic approach for a further work. 
Constraints on the DM properties
We have chosen to study the star α Cen B because it is close to the Sun and belongs to a binary system, which has allowed a very accurate measurement of its mass and other characteristics (see Table 1 ). This fact strongly reduces the uncertainties in the modelling of the star. We used the stellar oscillations, in particular the mean small separation between the modes of low degree δν 02 , to identify the modifications introduced by asymmetric DM in the core of the star.
We found that the stellar models strongly influenced by the DM cooling mechanism, while reproducing all the global properties of α Cen B within observational errors, cannot account for the observed small frequency separations. The existence of asymmetric DM particles with m χ and σ χ,SD above the blue line in Figure 1 can be excluded because they lead to models of α Cen B with a δν 02 more than 2 σ away from the observed value. The 1 σ variation on δν 02 when the classical stellar parameters (M , L, T ef f and (Z/X) s ) vary within the observational errors is plotted as a filled region around the blue line. Further uncertainties not included in this analysis are those in other parameters of stellar modelling, such as nuclear reaction rates and chemical abundances, with an expected minor impact on our diagnostic and, more importantly, the error in the determination of the local DM density, which will introduce an estimated uncertainty of a factor smaller than 2 in σ χ,SD [54, 60] .
Our method provides a competitive exclusion plot on σ χ,SD for low-mass DM particles. These constraints are particularly valuable taking into account the present controversy among different direct detection experiments in the same region of the DM parameter space [61] .
